Spontaneous crp mutants Escherichia coli were selected from a strain that does not require 3',5'-cyclic adenosine monophosphate for CAP activity. Several deletions of the crp gene were characterized. The crp gene was not essential for growth of E. coli. crp mutations reduced the donor ability of Hfr strains.
The utilization of most carbon sources in Escherichia coli is regulated by the concentration of 3',5'-cyclic adenosine monophosphate (cAMP) in the cell. This regulation is mediated through a protein factor, CAP, which, in the presence of cAMP, promotes the initiation of transcription of genes in the various catabolic pathways (3) (4) (5) 10) . Mutants defective in the genes specifying adenyl cyclase (cya) or CAP protein (crp) are unable to metabolize most carbon sources (8, 9) .
In a previous study we described a technique that allowed easy screening for crp and cya mutants (2) . We were able to demonstrate the existence of deletions of the cya gene but not of the crp gene. This result raised the possibility that CAP might be a protein essential for the growth of E. coli. To study this question, we have developed a somewhat different approach to isolating crp mutants. In this note, we describe characterization of deletions of the crp gene. These results suggest that neither cAMP nor CAP protein is essential for growth of E. coli. Further, we show that crp mutations reduce the efficiency of transfer of genetic material by male cells of E. coli.
Our previous selection and screening procedure for crp and cya mutants (2) involved selection of mutants resistant to bacteriophage A (AR) from a wild-type (crp+, cya+) strain on tetrazolium agar (7) containing maltose and arabinose. Colonies that appeared on this indicator agar as Ara-Mal-were considered likely to be mutants of the class sought. By this procedure, we found that most mutants isolated were cya mutants. To create a situation in which such a screening would not pick up cya mutants, we used in this report a strain, CA-8404 (isolated by L. Soll [unpublished results]), in which the CAP protein is no longer dependent on cAMP. In this strain, which carries a cya deletion, the CAP protein may either require no small molecule for its stimulation or it may use a small molecule other than cAMP. At any rate, despite the absence of cAMP, the strain is phenotypically Mal+Ara+. From results described below, it seems possible that the altered CAP protein is still capable of responding to cAMP in a cya background. However, in strain CA-8404, selection and screening for AR Mal-Ara-should not yield strains with mutations in the cya genes.
Spontaneous AR mutants of strain CA-8404 were screened on maltose arabinose tetrazolium agar. Those which were Mal-Ara-were purified and tested to see whether they could be complemented by a 080 cya+ tranducing phage (2 (ii) mutants in some other factor necessary for the functioning of the CA-8404 CAP protein.
The remaining 110 mutants were considered likely to be crp mutants and were tested for their ability to revert to Mal+ character. Approximately 5 x 10' bacteria from cultures of each of the presumed crp mutants were spread on minimal maltose agar and a crystal of N-methyl-N'-nitro-N-nitrosoguanidine placed in the center of the plate. In this way, we identified 12 independent nonreverting mutants. All of these mutations were shown to lie in the crp region by their ability to be cotransduced with a strA allele by P1.
The lack of reversion of the 12 mutants suggested that they were deletions. Recombination studies were then conducted to determine whether they behaved as deletions genetically. Each of a number of reverting and nonreverting mutants was transferred into an Hfr and Fstrain for subsequent bacterial crosses as indicated in Table 1 . Spot matings were first conducted for a rough estimate of the size and overlap of the deletions. All of the nonreverting mutants in Hfr derivatives failed to recombine with at least one point mutant and with all three nonreverting mutants tested. Mutants 39 VOL. 122, 1975 and 45 recombined with the fewest other mutants (Table 1) .
One of the presumed deletions, crp-45, was more carefully tested in liquid matings. The Hfr derivative used was crp-pro-, whereas the Fstrain was crp-aroB-. The crp and aroB markers are closely linked on the chromosome and transferred early by the Hfr. Recombination frequencies were determined by scoring crp+ aroB+ pro+ recombinants relative to aroB+ pro+ recombinants. While carrying out these experiments, we noted a low frequency of mating between pairs of crp mutants. This phenomenon was examined further by matings of the following classes and measuring of transfer frequencies for the aroB+ marker: Hfr crp+-F-crp+; Hfr crp+-F-crp-; Hfr crp--F-crp-; and Hfr crp--F-crp+. The results of these matings showed that crp-F-cells mated as well as crp+F-cells, whereas crp-Hfr cells donated only about 'Ao as efficiently as crp+Hfr cells. It is possible that the interference of the crp character with donor ability reflects an effect on the synthesis of F pili.
Because of the low efficiency of mating, it was practical to determine recombination frequencies only down to 10-3 to 10-4 (Table 2) . Nevertheless, the results in Table 2 show two pairs of crp mutants that recombine with each other but fail to recombine with a crp-45 mutant at more than 1,000-fold lower frequencies. Thus, the absence of reversion and the recombination data establish that, at least, crp-45 is an extensive deletion mutation. One possible qualification in evaluating these data comes from the fact that we did our selection on a strain with an altered CAP phenotype. However, the simplest conclusion is clearly that crp-45 is a deletion of the crp gene.
The results presented here plus previous 
a Hfr crp-strains are derivatives of strain EC-2 (1), pro-str+. This Hfr transfers the strA region as an early marker and in a clockwise orientation. P1 lysates were made (6) of the crp-(SmR) mutants and crp SmR transductants of EC-2 obtained.
bF-crp-strains are derivatives of I-7019 (2), aroB-str+. These were transduced to the crp genotype in the same way. Spot tests were carried out by mixing a drop of each culture on a minimal maltose agar plate.
c Pluses indicate roughly 50 colonies in a spot. Plus-minus indicates a few colonies that may be revertants. d Mutants from 38 on were nonreverting. 
